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assessed by guestionnaire. The superior performance of males on the 
mental rotation test was highly significant <p^,0001(. The most 
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dominance in females, but not in males, was associated with lower 
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* Abstract 

The Vandenberg revision of the Shepard-Metzlar mental rotation test 
was administered to 206 college students* Handedness^ ocular dominance, 
and familial handedness were assessed by questionnaire. Subjective reports of 
perceived cognitive strategy used in solving the^ spatial task were also col" 
lected. ^ The anticipated superior performance of males on the mental rotation 
test was highly significant (p=.000l). The most common strategy employed by 
both sexes in solving the spatial task was mental picturing, however females - 
report using significantly more verbal strategies than males- Handedness, per 
se, was unrelated to spatial performance, but right handed females with familial 
sinistrality had lower spatial scores than those with no familial sinistrality. 
Unexpectedly, more females than males were found to be left eye dominant and 
left eye dominance in females but not in males was associated with lower spatial 
scores. 



Introduction 

Persistent sex differences in spatial skills* with males showing higher 
performance levels- have been reported for a wide variety of spatial tasks 
including map reading* spatial rotation^ paper folding* chess playing* and 
many others* In his extensive review Harris (1978) ' reports that on many of 
these tests only 20-25% of th*=i females reach or_exceed the mean performance 
levels of males* and that on some tasks* significant differences appear .n early 
childhood. 

Maccoby and Jacklin (1974) conclude that male superiority on , spatial skills* 
though not uniV3rsaXly found in childhood* is fairly consistent in adolescence 
and adulthood, and that male advantage increases through the high school years 
to a level of * 40 of a standard deviation. 

Two distinct forms of spatial abilities are often separated . and may rep- 
resent independent or overlapping skills; 1) Perceptual (non-analytic) spatial 
visualization, including the imaginary movement of objects in space ( as measured" 



-b-y-^swh—t-est-s— a^s—Thurslrone-'^s— pa p^r lul ' ding a jid~Sh5pgrdr'"5^Tt[gntaLlr^Dtati:gIi) . 2) 
Analytic spatial orientation and the detection of spatial relations within complex 
configurations (Hidden figure, Kohs, Rod and Frame test) (Harris, 1978). 

Whether or not the conventional spatial tests validly measure and accurately 
distinguish between these presumably different skills remains in question* In 
addition, relatively few so called spatial tests are thought, to be entirely free 
of any linguistic mediation. There may be a wide variety of cognitive strategies 
that employ some kind of verbal mediation in the solution of spatial tasks (Eliot, 
and Salkind, 1:975)- 

It is possible that sex differences in spatial skills are in part a result 
of sex differences in cognitive style* perhaps due to female developmental 
precocity in verbal'skills* Tapley and Bryden (1977) identified two distinct 
approaches used in solving mental rotation tasks which they labeled visual holistic 
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and verbal analytic* Significantly more men than women reported using a visual 
holistic strategy* These authors also found that the Paivio Imagery test (Paivio, 
1971) predicts spatial performance in males but not in females* 

Wilson* Defries* McClearn, Vandenberg, Johnson and Rashad (1975) proposed 
that the magnitude df the sex difference is particularly great in spatial ro- 
tation tasks precisely because it ds very difficult to employ verbal strategies, 
thus putting females at an even greater disadvantage. The Vandenberg revision 
of the Shepard-fMet2l£ir Mental Rotation Test (Vandenberg. and Kuse^ 1978; Shepard 
and Metzlar, 1971) was selected for use in this study expressly because it 
seems to "produce- large and. consistent sex differences across a wide age span and 
because subjects report thct it is more difficult to solve verbally than other 
spatial tests* _ . _. - -- 

Recurring findings have suggested that sex differences in spatial ability 
may be linked to hemispheric specialization for cognitive functions. Such measures 
of cerebral lateralization as dichotic listening and visual hemifield tests, as 
-we3rl— djrr ^i^L Luiddbuie b t g f^"^ggg^toa.L actj-vity, have indicated that , sex related 
differences do exists though the nature of these. differences remain obscure,. 

Handedness* as a gross measure of lateral dominance has been critically re- 
lated *to sp^itial functioning by Levy (1969, 1975), who E^^stulates that both left 
handers and females exhibit spatial deficits because they are less well lateralized, 
This is hypothesizeid to result in greater verbal processing in the right hemi- 
sphere which, in turn interferes with or inhibits right hemisphere spatial functioning' 

Attempts to verify Levy's hypothesis have not produced clear evidence of 
support (Harr.ls* 1978; Carter- Saltzman*. .1979) Handedness is not a simple di- 
chotomous dimension and degree and pattern of familial handedness appear to be as 
significant as personal "handedness. For example^ lesion studies show that patterns 
of aphasia and recovery of speech after unilateral damage depend not only on 



handedness but on familial handedness and sex as well (McGlone and W. Davidson,/ 
1973). Carter- Salt zman (1979)- reports that' both right and left handers who had 
at least two left handed relatives had higher spatial scores than those with 
only one or no familial sinistrality* Furthermore, she concludes that the familial 
effects were .^dditive and did not interact with, sex* In studies where all three 
variables of sex, handedness and familial sinistrality have been measured (Lake 
and Bryden^ 1976? Davidson, Schwartz, Pugash and Bromfield^ 1976) differences be- 
tween subgroups, appear ihat would not otherwise have been identified* 

The significance of ocular dominance-as a manifestation pf functional'^asym- 
metry is not well understood* Individuals consistently choose one of the two 
monocular views that are present, choice is ofte)^ not conscious, and they are fre- 
quently unable to give an offhand report -of which eye is dominant for them*^. The 
most common t^st for eye dominance is sighting dominance^ with 65% of the pbpula^-. 

tion classified as right eye dominant, 43% as left eye dominants and the remaining 

% . ^ ■ ■ ' , 

-3y-as^h aving^aTi'a'51' ^^ominance .(Porac_g nd Coren, 1975) , Thf>gp am-hnyc^ r^nnr-inft^ 

that there is little evidence of sex differences in the propoicion of right and 
left eyed sighters. 

Kimura (1969) notes however^ that in all five of her experimental groups, 
there were more left eyed females than left eyed males. In that sample, 19% of 
the men and 34% of the women were classified as left eye dominant (p<*02)* Ehrlich-^ 
man-(197?) also found a non-significant trend toward more left eyed females and 
Porac and Coren (1975) report that 53% of the males in their sample showed consistent 
right eye preference across a number of tasks, as compared to only 38% of the 
females^ (p<*025). The purpose of this study was to explore the extent to which 
sex differences on the mental rotation test" were related to ocular dominance^ 
handedness and familial handedness* 
Methods .and Procedure 

.The Vandenberg adaptation of the Shepard Metzlcir Mental Rotation Test (Van- 



deW)erg and Kuse, 1976) was administered to 206 college students in class or .in 
small group settings. This test consists of 20 criterion figures, oach followed 
by two correct and two incorrect alternative figures, (se« Figure 1), 



Sample 



^Sample 




Figure I : Example of items in the Vandenberg Revision of the Shepard Metzlar Mental 
Rotation Test,. Subjects select the. two alternatives that are the same as the sample 
criterion figure on the left, 

The' correct alternatives are identical to criterion sample but are presented 
'in a rotated position. Subjects respond by selecting both of the correct alter- ^ 
natives "for each criterion item- According to Vandenberg 's suggested procedure 
the test was administered in two parts ;.with five minutes allowed for each; 

Immeaiately after finishing this task subjects filled out a strategy 
questionnaire, designed 'to assess their cognitive strategy used in solving the 
spatial task. They rated on a five point scale, the extent .to which they, solved 
t.he problems by: 1) thinking in words {talking to yourself), 2) counting blocks, 

3) "using your'hands as aids, 4) picturing in your mind, 5) drawing. Manual 

, f- 

dextrality was measured by Annett's Handedness Questionnaire (Annett, 1970) 



with additional questions added to assess familial handedness. 

The following two questions were used to measure ocular dominance and were 
adopted because of their suitability for group administration: 

1- When aiming at a distant target which eye would you normally close? 

2. Hold your pencil in a vertical position about 10 inches from your eyes* 

Keep both, eyes opened and line the pencil up with the edge of the door- 

*» - 

way* Now close your left eye* Is the pencil still in line with the edge 
of the door? . ' - 

Results 

The expected sex difference in performance on. the mental rotation test 
was confirmed in this study* >4ales scored significantly higher on the number of 
items completed, total nuniber of correct itemSf number of correct pairs and % of 
correct items out of the total number completed (see Table 1)* 





MALES 


FEMALES 


F 


■£ 


No, items completed 


33*6' 


. , 30*0 


10,41 


,001 


No* correctrj 


26,0 


20-5 


27*41 


*0001 


NO, pairs correct 


10*0 


'6*^9 


^ 4*02 


*04.6 


% correct of total completed 


78% ' 


70% 


3,79 


*05 


%- correct pairs- of total completed 


-.^ -30% 


26% 


*29 


n* s* 



Table 1 Sex Differences in Performance on the Mental 

Rotation Test- (The degrees of freedom for the 
above anaiysis were 1, 204)* 

The strategy questionnaire was designed to explore self -reported differences 
in cognitive style used in solving the mental rotation task* Results by sex are 
presented in Table II* 



HALES 



t> FEMALES 



Thinking in words (talking 
to yourself) 

Counting blocks 

Using hands as aids 

Picturing in your mind 

Drawing 



2.87 
2.62 
1.44 
4,70 
.1 , 24 



3.31 F-3.75 ,05 

'2,80 n.s. 

1*86 ' n*s, 

4*56 n-s. 

1*56 n*s. 



Table II* Response by sex to strategy questionnaire where 
l«very little and 5=very much (df=l/203). 



Both males and females indicated that the most frequently used strategy of 
which they were aware was picturing in their minds* The only significant sex 
^difference supports the popular hypothesis that females use verbal strategy more 
than males. Females xj^ponted— a greater^se -of— ^' tbinkim^ 



:)ras -talking to your- 



self" while solving the spatial task (F=3*75, df=l,203, p=»05) than did males* 

Further analysis of the strategy data according to dextrality revealed that 
left handed subjects felt they used their hands as .aids in solving the spatial task 
significantly more than did right handed Subjects (F«3*26f df«2f 201^ 'p=*04|. Eye 
dominance and fatnilial handedness were unrelated to strategy responses as was spatial 
performance* 

Subjects were classified as right handers^ lett' handers^ or ambidextrals 

according to the following procedure based on their responses to Annettes 12 part 

handedness questionnaire; 

1, Right handed - if at least 9 out of 12 responses were 'right' or 7 were 
'right' ^nd at least 3 of the: remainder were in the 'either' category.^ 

2- Left handed - if at least 9 out of 12 responses were 'left* or if 7 were . 
'left' and at leasf 3 were in the 'either category* 

3* Ambidextrous - if less than 7 responses were in the same direction and/or 
the above criterion were not met. 



The handedness ,dis4)fiJ5ution produced by t4iis system, of ^ ca»:egoriz^ation 
was -.80% right handed^ 6,7 left handed^ and, 13.3* ambidextrous* There were no^ 
significant sex differences in the distribution and no relationship between 
e^e dominance and handedness* 

AnalVsis -of spatial performance according to dextrality produced n6 sig- 
nificant main effects, and no sex by hand interaciion. \ ' ^ ^ ' 

The presence pr absence of familial sinistrality (FS+, ES-) w^s assessed 
by the following question: "Are' there any members of your, immediate family (those 
related to you genetically) who write with their left hand or with either hand?" 
In response to this question 43% of our sample indicated FS+r 50% indicated FS**, 

arid 7% did not know. Males with FS+ did not differ in spatial performance from 

> . ' - -- .- 

males with FS-- There was, however, a non- significant trend for females with FS+ 
to score lower on the spatial test thah females with FS- (t=1.8S, p=,06)* 

A comparison of the spatial score of right handed subjects with FS+ and those 
with FS- showed a significant difference between these groups among females (t=l,99f 
p=*05), but not among. males. Right handed females with FS+ scored lower on the 
spatial test than right handed females with ps-. Our left handed sample was too 
small to analyze handedness by familial handedness- ' 

The two questions used to determine ocular dominance both measured sight_ing 
dominance, and thus we expected a high consistency of response. Results however, 
showed that 1/3 , of the subjects answered these questions in opposite directions. 
It seems that this inconsistency is due mainly to the complex wording of the second 
question and may indicate the difficulty in measuring eye dominance in a large 
group testing situ<ition. Chi square analysis by sex of the remaining 2/3 of the * 
sample who responded consistently to both sighting questions' showed that only 26% 
of the males as coodpared with 45% of the females were left eye dominant (/f^=3*9f 
df=l, p=,05} . 

\ 



Analysis of spatial performance by sex and ocular dominance revealed, -a sex 
by eye interaction^ An'alysi-s of the data using just those responses to'the -firstji' 
eye-do'miriSnce ^ufestion,i thus including the entire 206 subjects, revealed a signifi- 
cant sex x eye intere^^atipn (F=10,76,' df=l,202, p=*001) according to performarifce 
"On -the spatial task (see Figure 13) * Right eyed females had'higher spatial scored 
^thanj^ft eyed females. 
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Figure II : Mean Score on the Mental Rotation Test for Right and 
Left Eye Dominant Males and Females, (Sex by eye interacjtion, F=10,76j 
df=l, 202, p>-001)_ . 



Discussion 



The Highly significant sex difference in spatial performance found here is 
consistent with the large body of literature which indicates that this difference 
is of substantial magnitude, and fairly universal among adults* Our results also 
support those pf Vandenberg ard Kuse( 1978) and Tapley and Bryden (1977)-^who found 

i 

sex differences with this particular _mental rotation t^st* Since time pressure 
was a definite factor in this test, the finding that, males completed significantly 
mere itfems than females may imply either a difference in speed of mental rotation ' 
or a difference in cognitive style* Tapley and Bryden found that sex^ differences' 
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in speed of reaction increase as the ^^egree of rotation between the figux'es 
increases, which they interpret as indicating a sex diift^rence in sp^c^i of mental 
rot'atio:i, 

Petersen and Wittig - (1979) note that measures of response time may .help 
to differentiate verbal from non-verbal cognitive strategies since verbal normally 
takes longer than visual. The fact 1:hat males yi our sample completed moie. items 
within the uima constraints can be viewed as indirect evidence that they were using 
a more visual, approach. Males were not only faster but also more accurate, in- 

0 _ _ 

dicating that there was no speed- accuracy trade off among female subjects- 

The Mental Rotation Task was expressly chosen for use in this study because 
it^ has been describ'ed. as very difficult to solve by the use of verbal strategies- 

■ ■ , \ 

Even so, femal*=^5 reported that they, "thought in words-talked to thems^elves" more 
often than did males. findii^g is in agreement with the general supposition 

thatr females more often employ verbal strategies to solve spatial tasks- Not all 
^ tasks can 'be solved by using different streitegies but when a task can be performed 
,by eifher* lef t or right hemispheric mechanisms, Kimura (1969) concludes that males 
^^ertfl^tVHise right hemisphere, nonverbal systems, whereas females i^ay tend to employ 
left hemisphere verbal orocesses because of their more developed verbal skills- 
Our findings cofifiSirm this. In a post-experimental interview following completion 
"of 'a mental'^^tation task, Tapley and Bryden (1977) also found that more men than 
womfen reported usinp a visual holistic approach in contrast to a verbal analytic 
one. ' , 

Although this strategj^ difference emerged h^tw^.rr.^ the sex^;:., our data do not 
provid^ support for' the' suggestion that such d*-i'.i:erence£; could simply account for 
the main effect for sex on jthe spatial rotation tasJ^:- rio significant '^v'^rrelation 
was obtained between ^ny item on the strategy quet^i ; ^"£>ir3 and actual spatial 
performance , ♦ ^ " 



Tapley and Bryden (1977) also found no relationship between preferred strategy 
and accuracy of response but they did find one with rate of response for males. 
Those males yho reported using visual strategies were faster at mental rotation than 
males who claimed to mix visual and verbal strategies. For females the situation 
was reversed. Women who used visual strategies were slow rotators? while women 
who were better verbal imagers had high spatial scores on the Differential Aptitude. 

The nature of the task may be quite important in understanding the interplay 
between verbal and visual strategies. Tucker (1976) suggests that it is predom- 
inantly synthetic visuospatial functions for which the right hemisphere is specialized 
in males. Tucker believes that females use their left hemfi^phere in perceptual 
synthesis and that both sexes rely upon both hemispheres vhen ^perceptual analysis 
is required. In a study which measured electro-cortical activity, Ornstein^ John- 
stone^ Herron and Swencionis (1979) found that while other spatial tasks engage 
the right hemisphere, mental rotation engaged the left hemisphere and produced a 
pattern of activation that was similar to verbal tasks. They conclude that the 
complexity of the task is a crucial factor and that when the task becomes sufficiently 
complex , a verbal analytic strategy becomes significant regardless of whether 
the problem is verh^al or non-verbal. 

One interpretation of these findings is that mental rotation is simply more 
verbal in females than males, but not necessarily less efficient because it is 
more verbal. It may be quite "natural" for verbal processes to ^ilay an important 
role in what have been labeled "non-verbal" activities^ and females apparently make 
greater use of such verbal mediation. This claim is supported not only by data 
in normal subjects reviewed above ? but also by brain ddjnage evidence. McClQne and 
Kertesz (1973) found that following injury to the left hemisphere the degree of 
language impairment is predictive of visuospatial disability in females but not 
in males. It should be pointed but that greater use of verbal strategies does not 

necessarily imply left hemisphere involvement since the right hemisphere in females 

*■ 

has greater control over certain verbal functions than does the right hemisphere ±n 
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males (McGlone^ 1977) . 

The relationship between dextrality and spatial ability appears to be 
minimal* especially in males. McKeever and VanDeventer (1&77) also report no 
spatial differences due to handedness within or across sex* In their sample, 
as^ in ours, left handed males tended to score higher spatially than right handed 
males* Clearly* dextrality alone is an insufficient predictor of spatial skills 
contrary to Levy's hypothesis that left handers are likely to be less lateralized 
and thus poorer at such tasks* 

The presence or absence of -familial left handedness continues to surface 
as a more important factor than handedneiss itself in explaining sex differences^ 
since those with fairlilial sinistrality show systematically different lateralization 
of cerebral function from those with none, (Hardyck and Petrinovich^ 1977; Davidson^ 
Taylor, saron and Stenger* 1979)* Our left handed sample was too small to allow 
for analysis on the basis of familial handedness, however our findings for right 
handers indicates that the presence of familial sinistrality is associated with 
low spatial scores in females but not in males* Lake and Bryden (1976) also 
report that familial left handedness has a different effect on females than males* 
They found that regardless of handedness, females with familial sinistrality showed 
less laterality in dichotic listening, whereas males with familial sinistrality 
showed the typical pattern of right ear superiority* They conclude that handedness 
as a predictor of ear- asymmetry is a function of familial' sinistrality* Interes- 
tingly* heritability of handedness niay be associated with sex^ since left handed 
females tend to produce more left handed offspring than do left handed males 
(Kaufman, 1973) . 

The relationship between ocular dominance and lateral dominance is undetermined 
with as many studies concluding a low positive relationship as those that find 
none. Here again^ sex differences emerged* Both Porac and Coren (1975) and Gur 
and Gur (1977) found a positive association between handedness and sighting 



dominance in males but no association between these factors in females. These 
authors note that the distribution of right eyed scores in their male population 
showed a shift toward the extreme right in comparison with females* If the notion 
of degree of eye dominance is introduced ^ this seems to iiiiply that males show 
9r eater" lateralization along this continuum* Again^ we find the conclusion reported 
in many studies^ that females are less well lateralized. The Gurs explain that 
while the determinants, of ocular dominance remain unknown^ whatever they are, 
they appear to operate in somewhat different ways in males and females* 

Though a great many studies have explored cerebral lateralization and spatial 
ability^ very few have bothered to look at eye dominance* Our results regarding 
eye dominance are intriguing. First they support the sporadic findings of greater 
left eye dominance among females* Seconds to the best of our knowledge, this 
is the first time that eye dominance has been associated with level of spatial 
performance* 

As noted earlier^ Kimura (1969) concluded that there was a sex difference in 
incidence of left eyedness in her right handed population but she found no relation- 
ship between ocular dominance and dot location skill. Why should left eye dom- 
inance be associated with lower spatial performance? Hayashi and Bryden (1967) 
found no relationship between visual field superiority and sighting dominance. Right 
eyed sighters are reported however to be more consistent in their sighting pre- 
ference than left eyed sighters^ (Friedlandsr, 1971), Perhaps this greater in- 
consistency of sighting dominance somehow interferes with visuospatial processing 
in females. 

If it is true that females have a higher incidence of left eye dominance^ 
and if as has teen extensively reported, more females than males are right handed, 
than a higher percent of. females would have mixed laterality^ (contralateral eye- 
hand dominance) , In fact^ males appear-more likely to have ipsilateral eye-hand 
dominance than are females^ a condition thought to be somewhat advantageous for 
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certain types of spatial tasks since better sensorimotor coordination is 
'associated with it (Porac and Coren 1975). Mixed dominance may be associated 
with learning disability in children (wold ^ .1968) , and with differences in field 
dependency in non-pathological samples (Dawson^ 1972) * Perhaps the higher inci- 
dence of mixed laterality in females is somehow related to depressed spatial 
functioning and should be considered in future research* 

The explanation for.^why— left eye dominance is more frequt it in females is 
not entirely clear, Porac and Coren (1976) hypothesize that environment-al pressure 
on males to acquire aiming and throwing skills may result in greater ipsilateral 
eye-hand dominance and thus perhaps a higher incidence of right eyo dominance* 
That socialization factors may be important is also suggested by the fact that 
girls who view ^themselves as more masculine had,. better spatial performance, and 
that male gender preference is associated with superior spatial scores in both boys 
and girls (Nash, 1975). Ehrlichman (1972) reports that females with high "fem- 
ininity" as measured by a masculinity-femininity scale, also tended to have a 
higher incidence of left eye dominance. 

These studies indicate that highly fciminine females have lower spatial scores 
on the one hand, and a higher incidence of left eye dominance on the other* We 
in turn found thoit left eye dominance , is associated with low spatial scores* Just 
how sex role orientation relates to ocular dominance and to spatiax ability certainly 
merits further exploration. 

Eye dominance is a^^complex phenomenon, consisting of several indepen<3ent factors 
including sighting/ sensory, and acuity dominance which may not be highly inter- 
correlated (Coren and Kaplan, 1973). We measured only one of these dimensions — 
sighting dominance. In addition, ocular dominance is likely to vary along a con- 
tinuous dimension of degree of eyedness, and our procedure did not allow for 
measurement of that variability. Replication using more sensitive aind reliable 
measures of ocular dominance are necessary to explore more precisely the relationship 
between eye dominance and spatial ability which these findings suggest may be important* 
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